pg/m3 increase of current day concentrations ofblack smoke was 1-082 (95% CI 1-011 to 1.157). The mean current and previous three day levels of black smoke led to a stronger association (RR=1-114 (95% CI 1-010 to 1-160). In addition, nitrogen dioxide was associated with asthma visits in both summer (RR= 1-045, 95% CI 1-009 to 1X081) and winter (RR= 1X056, 95% CI 1X011 to 1.104). These In recent years the prevalence of bronchial asthma has been increasing in many countries and the reasons for such increase are still uncertain. ' The possible role of chemical air pollution on asthma has been widely investigated in experimental and epidemiological studies. Both types of studies have shown that current levels of urban air pollution can exacerbate respiratory symptoms in subjects with bronchial asthma. In addition, there is some evidence that air pollutants may enhance the response of the airways to allergens.
Thus, in controlled chamber studies asthmatic patients have shown higher bronchial reactivity than healthy subjects after exposure to sulphur dioxide.2 A comparable, although less consistent, effect has been found for nitrogen dioxide34 and ozone. 5 The number of emergency room visits daily for asthma of residents in Barcelona over 14 years of age was obtained from a register of hospital respiratory emergencies, which included the four largest hospitals in the city and covered about 80% of all asthma emergency visits. 20 The register was active during a five year period. It was set up in 1985 for the study of the asthma epidemics occurring in Barcelona and was cancelled in December 1989, two years after the identification of the cause of the epidemics.
An admission for asthma was defined as an emergency room visit during which any asthmarelated diagnosis was recorded. A panel of respiratory physicians developed a list of equivalent terms used by clinicians in the diagnosis of asthma which included: asthma, severe asthma attack, asthmatic bronchitis, spastic bronchitis, bronchial hyperreactivity, asthmatic status, wheezing, and bronchospasm. An alternative list for chronic obstructive pulmonary disease (COPD) was also used and all visits recorded under this category were excluded. Clinical records of all the emergency room visits were reviewed by trained physicians. The reliability of the register was assessed in a repeatability study. 20 The agreement in classifying asthma versus non-asthma was excellent (kappa=0O81), whereas the corresponding value in classifying asthma versus COPD was even higher (kappa = 0 91).2°D aily data on air pollution were obtained from the city monitoring network which consisted of 15 Spring and autumn were excluded from this analysis because air pollution effects are more likely to be confounded by other variables in these seasons. Thus, the spring is characterised by high pollen concentrations, and the autumn coincides with a rise in influenza and viral infections.
The daily counts of asthma visits in a large population can be considered a rare event which is more properly modelled as a Poisson process. In this series, asthma visits were not normally distributed either in winter or in summer, and the variances were similar to the means, especially in the summer (mean =2-7, variance = 3 0). Thus, the association between asthma visits and air pollutants was assessed using Poisson regression models. Since misclassification between asthma and COPD is more likely to occur in the elderly, asthma visits of patients over 65 years were excluded from the analysis.
TIME TRENDS AND WEATHER CONDITIONS
Admission rates for asthma may be related to factors other than pollutants that fluctuate with time. The first step in the analysis was to assess the effect of time-related variables. Long time trends were tested with continuous linear and quadratic terms, and shorter trends with indicator variables for each study year and month. Finally, day of the week variability was examined with indicator variables for each week day.
The association between asthma visits and weather variables was assessed in the models including the significant time-related variables. The weather variables studied were temperature (daily minimum, maximum, and mean), relative humidity, and dew point temperature. Continuous as well as categorical values of these variables were considered, thus allowing for non-linear associations. Current values and those up to five previous days were examined for each variable. Cumulative exposures were also tested with the mean values of several previous consecutive days. Since bronchial reactivity of patients with asthma can be associated with cold and dry air,23 and with hot and humid air,24 both types of conditions were assessed with additional indicator terms.
Days were classified as cold, dry, hot, and humid according to their 10th and 90th seasonal percentiles of temperature and relative humidity.
AIR POLLUTANTS
The association between the daily number of emergency room visits for asthma and air pollutant levels was assessed in the models including the significant weather and time-related variables. Given the strong collinearity among some pollutants (correlation coefficients between 0-32 and 0-73, excluding ozone) each one was analysed separately. Since emergency In Poisson regression analysis no long term trends were found in summer, whereas in winter a linear and a quadratic term for time trend were highly significant (p<0-00 1). Year was not associated with asthma visits either in summer or in winter. Indicator variables for month and day of the week were statistically significant in both seasons (p<0 05). Meteorological variables, particularly temperature, are probably the most important confounding factors in this type of air pollution study. The most significant weather predictors of asthma visits in the summer were the minimum temperature and relative humidity during the previous two days. Daily visits for asthma declined by 5% for each°C increase of minimum temperature (RR= 0 95, 95% CI 0 93 to 0 98) and increased by 1% for each percentage unit of relative humidity (RR= 1*01, 95% CI 1U003 to 1-020). In winter the best weather predictors of asthma visits were the previous day's values for both minimum temperature (RR=0-98, 95% CI 0 97 to 0 99) and relative humidity (RR=1-002, 95% CI 1 000 to 1006). No significant associations were found for cold/dry and hot/humid days either in summer or in winter, and categorical transformations of the weather variables did not improve the fit of the models.
After adjusting for weather and time-related variables, current day levels of black smoke were significantly associated with emergency room visits for asthma in summer (table 3) .
Asthma visits increased by 8&2% for each 25 ig/ m3 increase in levels of black smoke. The mean of the current and previous three days' concentrations of black smoke led to a stronger association with asthma visits than current day values (RR=1 114, 95% CI I 010 to 1 160). In winter the magnitude of the associations for current and lagged levels of black smoke were lower and statistically not significant. In addition, a positive and significant association was found for nitrogen dioxide in both summer and winter ( 1-130). In winter the relative risk was 1-072 (95% CI 1 010 to 1-137) for the mean of the current level and that of the previous two days.
The plot of the adjusted relative risks of asthma visits for each quartile of nitrogen dioxide showed increased risks in each quartile, although a consistent linear trend was not evident (fig 2) . However, an increased risk in the second quartile was apparent in both summer and winter, suggesting a low, if any, threshold level. Finally, sulphur dioxide in both seasons, and ozone in winter, showed positive although not statistically significant associations with asthma visits. None of the interactions between air pollutants was significant in summer or winter. Controlling for autocorrelation and overdispersion led to nearly identical associations and standard errors in both seasons. Autoregressive terms up to the fourth order were not significant either in summer or in winter.
Discussion
This study showed a small but significant association of particulates and nitrogen dioxide with emergency room visits due to asthma in Barcelona. These associations were independent of the effect of temperature, humidity, and time trends. In contrast, no significant associations were found for sulphur dioxide or for ozone.
Black smoke in summer showed the strongest association with asthma visits which increased by 11% for a 25 pg/m3 increase in the level of black smoke. Several studies have reported similar positive associations. Black smoke has been related to hospital admissions for asthma in a recent study in Birmingham,13 and Bates and colleagues have reported positive correlations between sulphate particulates in Ontario and Vancouver."6"7 The strength of the association found in the present study is consistent with that reported by Schwartz et al in Seattle for inhalable particles (PM1o). 4 Using Poisson regression and controlling for several variables these authors reported a 12% increase in asthma visits for an increase of 30,g/m3 of PM,0. This change was observed for the mean of the previous four days' concentrations of PM,0, which is a similar lagged effect to that I AIII observed in our study. A positive association with PM,0 has also been reported by Pope in the Utah Valley where hospital admission rates for asthma increased significantly during the periods when the local steel mill, the main source of particles, was operating. '5 In spite ofhigher levels ofblack smoke during the winter, the association of this pollutant with asthma visits was stronger in summer. This is consistent with the results from Ontario where sulphate particulates were related to asthma admissions in summer but not in winter."6 In Vancouver a similar association was observed in all age groups in the summer, but in the winter it was restricted to patients over 61 years. '7 In contrast, in the Birmingham study the effect ofblack smoke on asthma admissions was stronger in winter than in summer. '3 Chemical analysis of large (>7. 
